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KEYWORDS	
	 Structure	 and	 superficial	 properties	 of	 tectosilicates	 found	 in	 soils	 with	 potential	 to	 retain
uranium	are	studied	in	this	work.	These	tectosilicates	are	largely	available	as	natural	minerals
in	 the	 soil	 and	 are	 composed	 mainly	 by	 anorthite	 (CaAl2Si2O8),	 albite	 (NaAlSi3O8)	 and
orthoclase	(KAlSi3O8),	in	which	albite	has	approximately	3	times	the	content	of	orthoclase	and
2.5	times	the	content	of	anorthite.	However,	anorthite	has	a	double	cell	structure,	which	could
result	 in	 approximately	 the	 same	 sorption	 effect	 as	 albite.	 The	 acidity	 constants	 calculated
with	 the	 surface	 complexation	 model	 suggested	 that	 the	 three	 components	 have	 similar
amphoteric	behavior	in	presence	of	high	ionic	strength	ground	salt	solutions.	The	composite
mineral	 has	 a	 specific	 surface	 area	 of	 20.5	 m2g‐1	 with	 site	 density	 of	 2.8	 sites	 nm‐2.	 These
characteristics	make	this	mineral	a	good	candidate	for	uranium	capture.	
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1.	Introduction	
	
Soil	has	 low	concentration	of	uranium,	but	 the	continuous	
use	of	phosphate	fertilizers,	which	contains	uranium,	produces	
progressive	 increases	 of	 this	 component	 in	 agricultural	 lands	
and	 their	 surrounding	 groundwater.	 The	 uranium	 contami‐
nation	can	range	from	an	average	content	of	1	mg/Kg	up	to	200	
mg/Kg	[1],	which	is	an	undesirable	 level	 if	 it	 is	not	controlled.	
One	 case	 of	 natural	 self‐controlled	 contamination	 of	 uranium	
was	found	in	the	agricultural	area	of	Toluca	in	Mexico.	Areas	of	
this	land	were	fertilized	for	at	least	20	agricultural	cycles	with	
concentrated	 phosphates	 (200	 Kg/Ha)	 and	 showed	 an	
abnormal	 concentration	 of	 uranium	 in	 some	 layers	 of	 vadose	
zones	 (up	 to	 50	 mg/Kg)	 [2].	 Fertilization	 phosphates	
permeated	down	from	the	surface	and	the	associated	uranium	
was	partially	retained	in	one	of	the	lower	layers	avoiding	major	
dispersion	in	the	groundwater	[3].	The	layer	was	composed	by	
tectosilicates,	 silica	 and	 organic	 matter.	 In	 the	 other	 layers,	
silica	and	organic	matter	were	found	in	similar	composition	as	
this	layer,	but	the	uranium	and	tectosilicate	content	was	much	
lower.	
With	 the	purpose	 to	 identify	 and	 characterize	 the	mineral	
components	in	that	vadose	zone,	this	work	presents	a	study	of	
those	 layers	 of	 soil	 with	 capacity	 to	 retain	 uranium.	 The	
minerals	in	those	layers	could	have	potential	application	in	the	
remediation	of	environmental	contamination	of	uranium	or	 in	
the	 construction	 of	 barriers	 in	 deep	 geological	 repositories	 of	
uranium	wastes	of	nuclear	 industry	 [4‐10].	Historically,	 it	 has	
been	 reported	 that	 one	 absorbent	 of	 uranium	 is	
hydroxyapatite,	 although	 its	 absorption	 mechanism	 is	 still	
under	 discussion	 [11‐12].	 Up	 to	 now,	 the	 studies	 of	 such	
barriers	 have	 been	 focused	 on	 the	 sorption	 of	 uranium	 in	
zirconium	 oxides,	 bentonites,	 calcareous	 clays	 and	 synthetic	
phosphates	 [13‐18].	 Zirconium	oxides	have	shown	absorption	
of	some	lanthanides	in	solution	and	bentonites	(phyllosilicates)	
have	 great	 cation	 exchange	 capacity.	 Studies	 on	 other	
candidates	 such	 as	 calcareous	 clays	 are	 still	 in	 progress	 [19].	
One	advantage	of	 the	vadose	minerals	 studied	 in	 this	work	 in	
the	 sorption	 of	 uranium	 is	 that	 they	 can	 be	 found	 as	 natural	
components	in	some	soils.	
In	sorption	processes,	 the	surface	plays	a	great	role	 in	the	
retention	of	 ions	 and	particles,	 so	 the	 surface	 of	 the	 resulting	
mineral	 was	 studied	 on	 the	 basis	 that	 a	 solid	 immersed	 in	 a	
liquid	 solution	 develops	 hydroxylated	 groups	 (≡SOH)	 due	 to	
the	 interaction	 of	 superficial	 charges	 with	 water.	 The	 strong	
dependence	of	charges	on	the	surface,	with	respect	to	pH,	and	
the	proton	abundance	 in	 the	 solutions	are	 responsible	 for	 the	
amphoteric	behavior	of	materials	[20‐21].	Thus,	the	properties	
studied	 in	 this	 work	 include	 amphoteric	 behavior	 at	 the	
water/mineral	 interface,	 site	 density,	 acidity	 constants	 and	
distribution	of	chemical	species	[22‐23].	
	
2.	Experimental	
	
Samples	 of	 soil	 were	 taken	 in	 cylinders	 that	 penetrate	
vertically,	 180	 cm	 depth,	 from	 the	 surface	 of	 an	 agronomical	
area	 that	 had	 been	 fertilized	 with	 phosphates	 during	 several	
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agricultural	cycles	in	the	Toluca,	Mexico	area	[3].	The	soil	of	the	
vadose	 layers	was	sieved,	washed	and	heated	to	eliminate	the	
organic	matter	and	to	separate	minerals.	The	leaching	solution	
was	 concentrated	 and	 analyzed	 for	 uranium	 by	 colorimetric	
methods.	
The	 resulting	 minerals	 were	 analyzed	 by	 different	
techniques.	Morphology	was	studied	by	means	of	a	Philips	XL‐
30	Scanning	Electron	Microscope.	The	specific	surface	area	was	
quantified	 with	 a	 Quantachrome	 Autosorb	 1	 apparatus,	
operated	under	Nitrogen	atmosphere,	with	samples	 in	 the	35‐
40	mg	interval.	The	analysis	time	was	221.9	min	and	the	results	
were	plotted	as	20	points	BET	isotherms.	
X‐ray	 diffraction	 (XRD)	 was	 performed	 in	 a	 Co	 tube	
Siemens	 D500	 diffractometer	 to	 identify	 species	 in	 the	
extracted	 minerals.	 The	 equilibrium	 point	 (zero	 charge)	 of	
negative	 and	 positive	 species	 is	 intrinsic	 to	 each	mineral	 and	
depends	on	the	surface	site	density	[1,23,24].	
The	point	of	zero	charge	of	the	minerals	was	obtained	with	
mass	 titration	 techniques	 [17,19]	 with	 solutions	 of	 10	mL	 of	
KNO3	0.5	M	with	different	solid/water	mass	ratio:	0.01%,	0.1%,	
1%,	 5%	 10%,	 20%	 and	 30%.	 The	 suspensions	 were	 shaken	
continuously	for	24	hr	at	45	rpm	and	after	 that,	 the	phases	of	
suspension	were	separated	by	centrifuging	at	3500	rpm	for	15	
min.	pH	of	supernatant	solutions	was	measured	to	calculate	the	
isoelectric	point	of	minerals,	which	depends	on	the	content	of	
oxides	on	the	surface	[20‐24].	
The	 surface	 hydration	 time	 was	 calculated	 by	 acid/base	
potentiometric	 titrations	 in	 a	 ThermoOrion	 720A+	
potentiometer	with	a	 combined	Ag/AgCl	electrode.	Batches	of	
2.0	 g	 of	 solid	 immersed	 in	 30	mL	 of	 0.5	M	 potassium	 nitrate	
solution	were	titrated	at	different	contact	times	of	1,	5,	17,	24	
and	72	hours	with	an	agitation	speed	of	45	rpm.	The	hydration	
equilibrium	 was	 reached	 when	 two	 similar	 consecutive	
titration	curves	were	acquired	[7].	
The	 surface	 site	 density	 was	 estimated	 by	 acid‐basic	
titrations	 of	 aqueous	 suspensions.	 10.0	 g	 of	 dried	 mineral	
powder	was	mixed	with	100	mL	of	KNO3	0.5	M	at	303	K.	The	
solution	was	acidified	at	pH	=	2	with	HNO3	and	titrated	under	
Nitrogen	atmosphere	[25].	A	blank	solution	of	the	background	
salt	was	 also	 titrated.	 The	 acid	 consummation	was	 quantified	
and	 the	 differences	 between	 the	 suspensions	 and	 the	 blank	
solution	 were	 used	 to	 obtain	 the	 surface	 sites.	 The	 surface	
acidity	 constants	 of	 the	minerals	were	 obtained	 by	 fitting	 the	
potentiometric	titration	curve	in	0.5	M	KNO3	using	the	constant	
capacitance	 model	 (CCM),	 commonly	 used	 for	 high	 ionic	
strength	solutions	in	the	FITEQL4	code	[21].	
	
3.	Results	and	discussion	
	
3.1.	Retention	of	uranium	
	
To	study	 the	retention	of	uranium	at	different	depth	 from	
the	 surface,	 two	 kinds	 of	 soils	 were	 chosen,	 one	 non‐
agricultural	 land	 for	 blank	 test,	 and	 another	 agricultural	 land	
submitted	to	an	intensive	fertilization	with	phosphates.	Figure	
1	shows	the	uranium	content	in	the	soil	at	different	depth,	from	
0	to	180	cm.	Beyond	this	depth	there	was	water	combined	with	
minerals	 and	 soil	 that	 modified	 the	 tendency	 of	 the	 uranium	
retention.	
On	the	surface,	the	content	of	UO2	is	approximately	31	ppm,	
which	permeates	 into	 the	 soil	 increasing	 the	uranium	content	
up	 to	 50	 ppm	 in	 the	 30‐60	 cm	 segment.	 This	 concentration	
indicates	 that	 this	 layer	contains	minerals	 that	partially	retain	
uranium.	After	this	segment,	the	uranium	content	decreases	to	
15‐20	ppm	in	the	135‐160	cm	segment.	 In	non‐fertilized	soils,	
the	 content	 of	 UO2	 oscilates	 between	 0‐1	 ppm,	 which	 can	 be	
considered	the	normal	uranium	content	in	this	soil.	
	
	
	
	
Figure	 1.	 Uranium	 content	 in	 vadose	 layers	 at	 different	 depth	 of	 non‐
fertilized	 and	 fertilized	 land	 with	 phosphates.	 Note	 the	 abnormal	
concentration	of	UO2	at	45	cm	depth.	
	
3.2.	Morphology	of	minerals	
	
The	 layer	 that	retained	uranium	was	 located	at	approximately	
30‐60	cm	depth,	so	samples	of	soil	in	that	position	were	mixed,	
sieved	and	washed	 to	 remove	 colloids	 and	soluble	 salts.	After	
that,	the	resulting	matter	reacted	with	nitric	acid	and	heated	up	
to	800	oC	to	destroy	the	residual	organic	matter.	The	minerals	
obtained	at	the	end	of	this	process	are	shown	in	Figure	2.		
	
Figure	2. Particles extracted	 from	 the	vadose	 layer	with	 capacity	 to	 retain	
uranium.	
	
The	image	shows	that	the	minerals	in	the	vadose	layers	are	
composed	of	irregular	grains	with	an	average	length	between	5	
and	 50	 µm.	 The	 shape	 and	 texture	 of	 grains	 suggest	 that	 all	
particles	belong	to	the	same	mineral,	and	the	size	indicates	that	
no	colloids	or	aggregates	will	be	formed	in	water	suspensions.		
	
3.3.	Crystallinity	
	
The	X‐ray	diffractogram	of	vadose	minerals	in	a	2Θ	scheme	
is	shown	in	Figure	3.	The	main	diffraction	peaks	are	located	at	
21.92,	23.63,	26.61,	27.97	and	28.14.	These	angles	belong	
to	the	overlapped	crystalline	structures	of	albite,	anorthite	and	
orthoclase	 (JCPDF	 cards	 41‐1480,	 20‐0528,	 and	 31‐0966,	
respectively).	There	are	also	other	structures	containing	silicon	
oxides	 in	quartz	 forms	at	20.82	 and	26.21	 (JCPDF	cards	33‐
1161).	
Figure	 4	 shows	 a	 representation	 of	 crystalline	 cells	 of	
albite,	 orthoclase	 and	 anorthite.	 The	 first	 two	 have	 similar	
structures	 with	 a	 different	 monovalent	 cation,	 K+	 or	 Na+,	
respectively,	 arranged	 in	 single	 isomorphic	 cells.	 However,	
anorthite	has	a	bivalent	cation,	Ca2+,	in	its	structure	that	causes	
formation	of	twin	cells	in	c‐axis,	see	Table	1.		
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Albite	and	Orthoclse	c‐axis	
	
	
Anorthite		c‐axis	
	
Figure	4.	Representation	of	crystalline	cells	of	Albite	(NaAlSi3O8),	Orthoclase	(KAlSi3O8) and	Anorthite	(CaAl2Si2O8),	calculated	from	the	Cerius	database	[26].
	
	
Table	1.	Cell	dimensions	for	albite,	anorthite	and	orthoclase.	
Cell	dimensions	 a,	Å	 b,	Å	 c,	Å	 Α,	°	 β,	°	 γ,	°	
Albite	 8.14	 12.78	 7.16	 94.2	 116.6 87.6
Anorthite	 8.17	 12.87	 14.16	 93.1	 115.8 91.2
Orthoclase	 8.62	 12.99	 7.19	 90.0	 116.0 90.0
	
	
 
	
Figure	3.	X‐ray	diffractogram	of	minerals	in	the	vadose	zone	compared	with	
albite,	anorthite	and	orthoclase	tectosilicates.	
	
The	diffraction	of	anorthithe	 is	slightly	displaced	 from	the	
main	 diffraction	 peaks	 of	 the	 mineral	 maybe	 due	 to	 the	
presence	 of	 twin	 cells.	 However,	 the	 three	 minerals	 have	
approximately	 the	 same	 crystallographic	 shape,	 which	 may	
results	in	similar	sorption	and	physicochemical	character.	
Table	 1	 presents	 the	 cell	 dimensions	 of	 the	 minerals	
studied	in	this	work.	The	length	in	a‐	and	b‐axis	are	very	similar	
in	the	three	cases.	However,	the	length	in	c‐axis	is	only	similar	
in	albite	(7.16	Å)	and	orthoclase	(7.19	Å),	suggesting	that	they	
have	 isomorphic	 structures,	 but	 in	 anorthite	 this	 length	 is	
almost	twice	(14.16	Å).	
The	 superficial	 area	 of	 particles	 was	measured	 by	 the	 20	
points	 isotherm	 BET	 method	 giving	 20.5	 m2g‐1.	 Hodgson	
analyzed	the	surface	area	of	anorthite	as	function	of	dissolution	
rates	and	grain	size,	obtaining	an	area	of	approximately	1	m2g‐1	
[27].	 In	 this	work,	 the	superficial	area	 is	20	times	higher.	This	
could	 be	 one	 of	 the	 reasons	 for	 the	 uranium	 retention	 in	 the	
vadose	layers	mentioned	before.	
As	the	only	structural	difference	of	albite	and	orthoclase	is	
the	 substitution	 of	 Na	 for	 K	 atoms,	 one	 way	 to	 study	 the	
participation	of	both	tectosilicate	minerals	in	the	vadose	layers	
is	by	analyzing	 their	Na	 (representing	albite),	K	 (representing	
orthoclase)	and	Ca	(representing	anorthite)	elemental	content.	
This	 analysis	 was	 done	 by	 energy	 dispersive	 spectroscopy	
(EDS).	 The	 main	 elements	 found	 in	 the	 minerals	 were	 only	
those	participating	in	their	chemical	formulation:	O,	Na,	Al,	Si,	K	
and	Ca.	
The	elemental	analysis	showed	that	the	atomic	percent	of	K	
is	8.11%	and	the	atomic	percent	of	Ca	is	9.83%,	indicating	that	
the	abundance	of	orthoclase	and	anorthite	in	the	vadose	layers	
is	similar,	but	much	lower	compared	to	the	great	participation	
of	 Na	 (albite),	 approximately	 24%	 [28‐30].	 The	 rest	 of	 the	
composition	 is	 made	 up	 of	 other	 elements,	 O,	 Al	 and	 Si,	
common	in	the	three	tectosilicates.	Considering	these	numbers,	
albite	has	approximately	three	times	the	content	of	orthoclase	
and	 2.5	 times	 the	 content	 of	 anorthite	 in	 the	 vadose	 layers	
studied	 in	 this	 work.	 However,	 it	 is	 important	 to	 note	 that	
anorthite	 has	 a	 double	 cell	 structure,	 which	 could	 result	 in	
approximately	 the	 same	 sorption	 effect	 as	 albite,	 due	 to	 its	
content.	
	
3.4.	Isoelectric	point	
	
As	 the	 tectosilicates	 studied	 in	 this	 work	 have	 similar	
crystalline	 structure,	 their	 individual	 isoelectric	 points	 should	
be	very	close.	The	pH	isoelectric	point	of	the	composite	mineral	
calculated	by	the	mass	titration	techniques	gives	a	pHiep	=	8.06,	
as	shown	in	Figure	5.	
	
	
Figure	5. pH	isoelectric	point	of	the	combined	tectosilicate	mineral.
		
3.5.	Hydration	time	
	
Hydration	 time	 in	 sorption	 processes	 is	 very	 important	
because	amphoteric	surfaces	need	short	contact	time	to	retain	
particles	or	liquids	before	they	spread	into	their	surroundings.	
The	 surface‐hydration	 analyses	 in	 this	 work	 were	 performed	
by	 acid/base	 potentiometric	 titrations.	 The	 acid	 or	 base	
consumption	was	plotted	as	a	function	of	pH.	The	hydroxilated	
compounds	 were	 formed	 on	 the	 surface	 at	 pH	 near	 the	
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isoelectric	point.	The	hydration	 time	equilibrium	was	 reached	
in	approximately	1	hour.	The	hydration	time	for	other	minerals	
with	structures	composed	by	oxides	or	phosphates	ranges	from	
6	to	24	h.	[22,31].		
	
3.6.	Surface	site	density	
	
Surface	site	density	of	minerals	indicates	superficial	points	
that	 could	 be	 applied	 to	 retain	 particles	 or	 ions	 of	 another	
species,	 for	 example	 radionuclide	 content	 in	 nuclear	 leakages	
[31,32].	The	surface	 site	density	of	minerals	 in	 this	work	was	
calculated	by	comparing	the	acid	consumption	in	the	acid‐basic	
titrations	of	 aqueous	mineral	 suspensions	with	one	blank	salt	
solution.	
Figure	6	shows	this	comparison,	the	axes	are	presented	in	
molar	concentration.	When	the	final	part	of	the	plots	is	linear,	it	
can	be	assumed	that	no	more	reactions	occur	with	the	OH‐	ions	
and	 the	 OH‐	 added	 are	 found	 in	 the	 solution	 as	 OH‐	 free.	
Subtracting	 these	 two	values	 result	 the	 total	OH‐	 taken	by	 the	
solid	 phase.	With	 this	 value,	 and	 considering	 the	 initial	 pH	 of	
titration	 and	 superficial	 area,	 the	 surface	 site	 density	 of	 the	
combined	tectosilicates	was	calculated	as	2.8	sites.nm‐2.	
	
 
	
Figure	6.	Comparison	of	OH‐	moles	added	to	the	suspension	versus	the	free	
OH‐	moles	in	solution	for	a	mineral	suspension	(circles)	and	the	background	
salt	(squares).	
		
3.7.	Acidity	constants	
	
The	 surface	 active	 sites	 (≡SOH)	 created	 during	 the	
hydration	of	minerals	in	solution	were	titrated	to	calculate	the	
surface	 acidity	 constants.	 The	 superficial	 amphoteric	 species	
are	dependent	on	the	ground	salt	solution	pH.	The	protonation	
and	deprotonation	equilibria	can	be	described	by	modeling	the	
acidity	constants	as	follows.				
	
≡SOH	+	H+	↔	≡SOH2+	 (Ka)	 	 	 (1)	
	
≡SOH	↔	≡SO‐	+	H+	 	 (Kb)	 	 	 (2)	
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where	 F	 is	 the	 Faraday	 constant,	 ψ	 the	 surface	 electrostatic	
potential,	 R	 the	 ideal	 gas	 constant,	 and	 T	 temperature	
expressed	in	Kelvin.	Ka	and	Kb	constants	were	calculated	using	
experimental	 potentiometric	 titrations	 with	 FiteQL4	 program	
applying	 the	constant	capacitance	model	 (CCM)	of	 the	surface	
complexation	 theory.	 This	 model	 considers	 a	 low	 number	 of	
constraints	 and	 it	 is	 commonly	 used	 for	 high	 ionic	 strength	
conditions	[23,27].	
The	 modeling	 of	 the	 titration	 curve	 was	 performed	 to	
obtain	Ka	and	Kb	in	the	albite/orthoclase	and	anorthite	found	in	
the	surface/solution	interface	in	amphoteric	conditions	(Figure	
7).	Albite	and	orthoclase	are	treated	as	one	compound	because	
of	 their	 similar	 isomorphic	 structure.	 The	 total	 surface	 site	
density	was	used	as	 the	 initial	guess	 for	 the	 fitting	procedure.	
The	 surface	 acidity	 constants	 and	 the	 total	 concentration	 of	
albite/orthoclase	and	anorthite	is	presented	in	Table	2.	
	
Table	 2.	 Surface	 acidity	 constants	 corresponding	 to	 albite/orthoclase	 and	
anorthite.	
Mineral	species	 Log	(Ka)	 Log	(Kb)	 Total	concent.	(Mol/L)	
Albite/Orthoclase 4.78711 ‐6.69198	 6.696x10‐4	
Anorthite 4.41696 ‐8.85619	 1.745x10‐3	
	
 
	
Figure	 7. Acid‐base	 titration	 of	 minerals	 in	 a	 0.5	 M	 potassium	 nitrate	
solution.	Experimental	(open	circles)	and	CCM	calculated	(line)	curves.	
	
The	distribution	of	the	surface	species	versus	pH	is	shown	
in	 Figure	 8.	 The	 results	 indicate	 that	 the	 active	 sites	
concentration	 of	 anorthite	 is	 almost	 twice	 that	 of	
albite/orthoclase,	 probably	 because	 the	 longer	 c‐axis	 cell	
dimension	of	anorthite	develop	an	excess	of	 active	sites.	With	
the	 distribution	 of	 species,	 the	 pHpie	 specific	 for	
albite/orthoclase	 and	 anorthite	 can	 be	 obtained.	 The	 pHpie	
calculated	 from	 titration	 fitted	 dataset	 was	 5.6	 for	
albite/orthoclase	(XOH)	and	6.7	for	anorthite	(YOH),	as	shown	
in	 Figure	 8,	 which	 is	 more	 abundant	 and	 is	 near	 the	 pH	 of	
natural	 groundwater.	 Consequently,	 this	 factor	 may	 be	
responsible	for	the	sorption	of	uranium	on	the	surface.	
	
 
	
Figure	8.	 	 Species	 distribution	 diagram:	 Albite/orthoclase	 (Closed	 shapes)	
and	Anorthite	(Open	shapes).
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4.	Conclusions	
	
This	 study	 focused	 on	 identifying	 natural	 minerals	 in	 the	
vadose	 zone	 of	 an	 agicultural	 land	 with	 potential	 to	 retain	
uranium	 compounds.	 Crystallographic	 analysis	 showed	 that	
tectosilicate	 minerals	 such	 as	 anorthite	 (CaAl2Si2O8),	 albite	
(NaAlSi3O8)	 and	 orthoclase	 (KAlSi3O8)	 were	 identified	 as	 the	
main	components	of	that	zone.	Elemental	analysis	showed	that	
albite	was	 the	main	 species	 in	 those	 tectosilicates.	 The	 active	
site	 concentration	 of	 anorthite	 is	 almost	 twice	 that	 of	
albite/orthoclase,	 probably	 due	 to	 the	 longer	 c‐axis	 cell	
dimension	 of	 anorthite.	 The	 composite	mineral	 has	 a	 specific	
surface	 area	 of	 20.5	m2g‐1	 with	 site	 density	 of	 2.8	 sites	 nm‐2.	
These	 characteristics	 make	 this	 mineral	 a	 good	 candidate	 to	
capture	 uranium.	 The	 pH	 at	 the	 isoelectric	 point	 was	 8.06,	
which	allows	reactions	near	the	natural	water	pH.	The	optimal	
surface	hydration	time	was	reached	in	1	h.	It	is	very	important	
to	 have	 amphoteric	 surfaces	 with	 a	 short	 contact	 time	 for	
sorption	of	uranium	contaminants	before	they	spread	into	their	
surroundings.	 The	 structural	 characteristics	 were	 used	 to	
calculate	 the	 surface	 acidity	 constants	 and	 the	 species	
distribution.	 The	 mineral	 species	 showed	 similar	 amphoteric	
behavior	 in	 presence	 of	 high	 ionic	 strength	 ground	 salt	
solutions.	One	of	 the	 advantages	 of	 these	 tectosilicates	 is	 that	
they	are	largely	available	as	natural	minerals	in	the	soil.		
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